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Abstract 
 
Objectives: The goal of this study was to determine if body composition affected athletic 
performance in the sport of volleyball at the University of Akron.  
 
Methods: The study was conducted in the School of Sports Science & Wellness 
Education on the 3rd floor of Infocision Stadium at the University of Akron using the 
computer containing the Bod Pod data for the women’s volleyball team.   
 
Results: 20 subjects of the women’s varsity volleyball team were studied.  The averages 
of each test were varied between the different skills tests in counter-movement vertical 
jump, approach vertical jump, block, broad jump, chin-ups, and push-ups.  Lean body 
mass had a positive correlation to the test results than fat body mass.   
 
Conclusions: Lean body mass is a predictor of athletic performance in women’s 
volleyball.  The Bod Pod can be used as an accurate predictor of future performance to 
accurately measure body composition in the athletes on the volleyball team, and that the 
lower percentage of body composition the better the performance on the fitness tests. 
 
Introduction 
 
Athletes strive to have the best skills that are required for the sport they perform in, 
including endurance, flexibility, and strength.  Volleyball players in particular require a 
certain amount of stamina to perform the jumps and motions in both practice and 
competition.  Because volleyball is a team sport, each position on the floor requires a 
certain physique based on how demanding the position is in play (i.e. a blocker should be 
tall).1  As a result, volleyball players, as well as all collegiate athletes at the University of 
Akron, must undergo certain tests to assess their physical fitness to make sure that they 
are in their best condition that they can be.   
 
One of these tests in particular is known as the Bod Pod, a certain type of air 
displacement plethysmograph (ADP).  The Bod Pod has been successful with having a 
high reliability and accuracy in human subjects, making it one of the best tests to 
determine one’s most accurate weight compared to past methods of getting body 
composition.2  Because of its accuracy, subjects have to be cautious as to not add on extra 
weight (i.e. heavy clothing).  The Bod Pod determines the subject’s weight on a scale 
wearing minimal clothing, so as to not give inaccurate results, and then having the subject 
sit inside of the Bod Pod for the measurement.  If there are any inaccuracies, such as 
variations in weight, then 2-3 Bod Pod tests can be taken to average the results.   
 
The Bod Pod measures body composition, which is divided into the fat and fat-free 
components.  The fat component consists of essential fat, which is found in organs of the 
body and the central nervous system, and storage fat, which is held in adipose tissue 
located around internal organs and under the skin.3  The fat free component consists of 
lean body mass, which is the weight of muscles, bones, organs, ligaments, and tendons 
within the body apart from fat.3  However, lean body mass is not the same as fat free 
mass because there is some essential fat within certain parts of the body.  A true fat free 
mass can be obtained by subtracting the essential fat from the total body weight.3  
Likewise, muscle mass can be obtained by subtracting the combined fat mass and weight 
of organs, bones, tendons, and ligaments from the total body weight.  
 
Dozens of previous studies have proven time and time again that athletics in general 
cause changes in body composition in females, and different sport-specific practices can 
change body composition even further.4  It is also worth noting that body composition 
can shift between the off-season, pre-season, and competition season for the sport, which 
explains why our data is mainly dated in the spring and summer.5  Other studies have 
determined that there can be other factors apart from athletic performance that affect 
body composition, including changes in bone composition,4 and certain mental and 
physical stresses that some female athletes find themselves battling (i.e. amenorrhea, 
body image issues).6  This particular study, while only focusing on how lean mass, adds 
on to these advanced studies in how lean mass can affect athletic performance in 
volleyball. 
 
My hypothesis states that a high amount of lean body mass allows the athlete to have a 
better performance for the fitness tests that are required for the sport of volleyball.  The 
main goal of this study is to compare whether there is a difference between the data on 
body composition obtained from the Bod Pod and the athletic performance tests of all the 
athletes.  
 
Methods 
 
Study Design  
The study consisted of members of the University of Akron women’s varsity volleyball 
team using data from Spring 2016 through Winter 2018 and Bod Pod results from those 
time periods.  Each athlete had 1 or 2 Bod Pod evaluations.  The University of Akron 
Institutional Review Board (IRB) approved the study. 
 
Study Subjects  
All subjects, at the time of the data collected, were between the ages of 18 and 23.  
Subjects were excluded if they did not have recent performance tests or if they did not 
have recent data within the past two years, including reach test, counter movement 
vertical jump (CMJ), approach vertical jump (A-vert), block, broad jump, chin-ups, and 
push-ups. 
 
Testing Procedures 
All participants were tested on at least two of these time periods: April 2016, August 
2016, August 2017, and January 2018.  All tests were conducted on the same day and in 
the same order (i.e. CMJ, A-vert, block, broad jump, chin-ups, and push-ups) by the same 
recorder.  All of the data from these tests were recorded within the School of Sports 
Science & Wellness Education at the University of Akron. 
 
 
Counter Movement Vertical Jump (CMJ)  
The athlete stands underneath and facing sideways from a vertec, a device used to 
measure an athlete’s vertical jump height, with their dominant hand proximal to the base 
of the vertec.  The athlete then performs a countermovement jump with their feet between 
hip and shoulder width with a backswing of their arms, jumping and touching the vanes 
of the vertec, and landing in the same spot.  The athlete has a minute to recover.  Three 
jumps are performed and then the best jump is recorded. 
 
Approach Vertical Jump (A-Vert)  
The athlete walks three steps away from the vertec used for the test.   Then, the athlete 
approaches retaking the three steps before jumping off of both feet, touching the vanes of 
the vertec.  The athlete is given a minute to recover.  Three jumps are performed and then 
the best jump is recorded. 
 
Block  
The athlete stands underneath and facing sideways from a vertec with their dominant 
hand proximal to the base of the vertec.  The athlete then performs a countermovement 
jump with their feet between hip and shoulder width with a backswing of their arms, 
jumping and touching the vanes of the vertec with both hands.  The athlete has a minute 
to recover.  Three jumps are performed and then the best jump is recorded. 
 
 
 
Broad Jump  
The athlete stands with feet slightly apart behind a line marked on the ground.  A two-
foot takeoff and landing is used to jump, with swinging of the arms and bending of the 
knees to provide forward drive for the jump.  The athlete tries to jump as far as possible 
while landing on both feet without falling backwards.  Three attempts are allowed and the 
best jump is recorded. 
 
Chin Ups  
The athlete grips the bar with an underhand grip.  Beginning from a full hang, without 
adjusting weight, the athlete lifts their chin above the bar in a controlled fashion, 
returning to a hang (min. 120 degrees at the elbow).  The test continues until the athlete 
fails to complete any more repetitions.  
 
Push Ups  
Athletes form their position with hands just outside shoulder width in a high plank 
position.  They lower themselves, coming down to a partner / recorder’s hand with the 
base of the sternum before rising back to the starting position.  The test completes after 
one minute or if the athlete becomes to exhausted to continue.  The test is stopped if the 
athlete adjusts their hips or hands.  
 
Data Analysis and Sample Size  
Data were entered into and analyzed using Microsoft Excel.  Data are reported as 
averages of each of the athletic performance tests performed, as well as the body 
composition, fat mass, and fat free mass measurements obtained from the Bod Pod.  A 
trendline was drawn for each graph with the R-value calculated next to it to determine the 
regression. 
 
Results  
 
Over a two-year period (April 2016 to January 2018), 22 athletes were tested.  Two of 
them were removed from the data due to insufficient data.  All of the athletes for this 
study were female with similar heights and weights.  
 
Table 1 are the comparisons between individual test results and fat versus lean masses.  
Correlations were calculated by Microsoft Excel with the CORREL function with fat 
mass with each test, and then lean mass with each test.  Three of the data points for Table 
1, under the category for fat free mass, show moderately positively correlated correlations 
of 0.4 and above.  The rest of the data for fat free mass correlations for Table 1 were 
weakly correlated because they were under 0.4, which is the correlation cutoff for the 
data points. 
 
Table 2 consisted of the averages of all the tests that were performed as well as the 
averages of body composition in percentage, fat mass, and fat free mass.  The standard 
deviation of all the categories is also included in the table. 
 
 
Table 1: Fat vs Lean Mass Correlations 
 CMJ A-Vert Block Broad Chin Ups Push Ups 
Fat 
Mass 
-0.12 -0.10 -0.29 0.05 -0.25 -0.07 
Lean 
Mass 
0.33 0.46 0.49 0.40 0.25 -0.21 
Table 1: Correlations of fat vs fat free mass with counter movement jump, approach vertical jump, block, 
broad jump, chin ups, and push ups. 
 
Table 2: Averages and Standard Deviations for Each Performance Test 
Table 2: Comparisons of averages and standard deviations of body composition, fat and fat free mass, 
reach, counter movement jump, approach vertical jump, block, broad jump, chin ups, and push ups.   
*Body composition = percentage of fat  
 
Table 3: List of p-values for each Test 
 CMJ A-Vert Block Broad  Chin-Up Push-Up 
Fat Mass 0.49 0.56 0.96 0.84 0.33 0.78 
Lean 
Mass 
0.06 0.007 0.002 0.11 0.34 0.42 
Table 3: P-values for each test.  It is noted that the p-value for each test compared to fat mass is 
significantly larger than for lean mass, indicating that lean mass is more favored for each test. 
 
 *Body 
Comp 
(%) 
Fat 
Mass  
(lbs) 
Lean 
Mass  
(lbs) 
Reach  
(in) 
CMJ  
(in) 
A-Vert  
(in) 
Block  
(in) 
Broad  
(in) 
Chin Up 
(#) 
Push Up  
(#) 
Avg. 20.3 31.6 
 
123.7 90.3 21.2 
 
24.0 
 
19.2 
 
86.0 8.4 32.6 
StDev. 4.1 7.8 12.5 
 
3.7 
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Figure 1: Comparison of Fat Mass vs CMJ.  Regression was 0.01519.  The decreasing interval of the 
trendline indicates that there is a negative correlation between fat mass and the length of the counter 
movement jump.  
 
 
Figure 2: Comparison of Fat Mass vs A-Vert.  Regression was 0.01085.  The decreasing interval of the 
trendline indicates that there is a negative correlation between fat mass and the length of the approach 
vertical jump. 
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 Figure 3: Comparison of Fat Mass vs Block.  Regression was 0.08678.  The steep decreasing interval of 
the trendline indicates that there is a negative correlation between fat mass and the length of the block. 
 
 
Figure 4: Comparison of Fat Mass vs Broad Jump.  Regression was 0.00264.  The slight increasing 
interval of the trendline indicates that there is a positive correlation between fat mass and the number of 
chin-ups. 
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 Figure 5: Comparison of Fat Mass vs amount of chin-ups.  Regression is 0.06374.  The decreasing interval 
of the trendline indicates that there is a negative correlation between fat mass and the number of chin-ups. 
 
 
Figure 6: Comparison of Fat Mass vs amount of push-ups.  Regression is 0.00527.  The decreasing interval 
of the trendline indicates that there is a negative correlation between fat mass and the number of chin-ups. 
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 Figure 7: Comparison of Lean Mass vs CMJ.  Regression is 0.10656.  The increasing interval of the 
trendline indicates that there is a positive correlation between lean mass and the length of the counter 
movement jump. 
 
 
Figure 8: Comparison of Lean Mass vs A-Vert.  Regression is 0.21051.  The increasing interval of the 
trendline indicates that there is a positive correlation between lean mass and the length of the approach 
vertical jump. 
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 Figure 9: Comparison of Lean Mass vs Block.  Regression is 0.24459.  The increasing interval of the 
trendline indicates that there is a positive correlation between lean mass and the length of the block. 
 
 
Figure 10: Comparison of Lean Mass vs Broad Jump.  Regression is 0.15883.  The increasing interval of 
the trendline indicates that there is a positive correlation between lean mass and the length of the broad 
jump. 
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 Figure 11: Comparison of Lean Mass vs amount of chin-ups.  Regression is 0.06051.  The increasing 
interval of the trendline indicates that there is a positive correlation between lean mass and the number of 
chin-ups. 
 
 
Figure 12: Comparison of Lean Mass vs amount of push-ups.  Regression is 0.04472.  The decreasing 
interval of the trendline indicates that there is a negative correlation between lean mass and the number of 
push-ups. 
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Discussion 
 
The results were consistent with my hypothesis that lean body mass would be an 
indicator of athletic performance.  The study showed that for the female volleyball team 
those athletes with the lowest body fat performed to the highest level in the performance 
tests.  The block test in particular had the most correlation regarding lean mass, because 
the more muscle one had (i.e. the less body fat one had) the higher one could jump.  The 
fat mass being negatively correlated, or at least being extremely low for the broad jump, 
makes sense because of the stamina required for the sport of volleyball.  An individual 
having a high body fat amount would have a difficult time performing well in each of the 
tests.  The p-values also confirm this, with the p-values for lean mass being significantly 
smaller than the p-values for fat mass. 
 
Using the Bod Pod data to compare athletic performance to body composition is feasible, 
as not only does the Bod Pod allow for an extremely accurate measurement of body 
composition as a whole (fat versus lean mass), but it is also a quick and non-invasive way 
to predict how the individual athlete will perform in competition based on their body 
composition, even though the tests cannot equate to athletic competition.  Subjects 
merely have to sit inside of the Bod Pod while it performs the calculations and the Bod 
Pod takes lean mass into account, compared to outdated forms of testing such as Body 
Mass Index (BMI), because BMI measures body composition as a whole instead of 
dividing it into fat and lean mass.   
 
Because the tests were all recent and fairly consistent with the athletes’ results, there 
were little to no limitations of the study.  Only one limitation was that the athletes 
involved in the test only had 1-2 Bod Pod tests per individual.  Having more data would 
have helped the study further because more comparisons could have been made.  It would 
be interesting, in further studies, to determine if these results correlate with other athletes 
in other sports.  For example, would performance and body composition be used to 
examine football players to look at variations between players of skill positions (i.e. wide 
receiver versus lineman)?  There are plenty of possibilities regarding the future for 
studies similar to this one. 
 
Conclusion  
 
Because collegiate athletes have to undergo fitness tests several times a year, it makes 
sense to determine that the tests correlate with performance.  Being aware of each 
athlete’s individual build to compare with their test results allow an understanding as to 
how body composition affects each individual performance positively or negatively.  Our 
findings may help athletes and their coaches and trainers to be aware of how the 
individual body composition of an athlete can affect their performance not only in their 
fitness tests, but in practice and competition as well.  
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